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Abstract: Medicinal plants represent a highly valuable resource, which is part of 
human life since ancient times. Most of these species are collected from wildlife, 
where their survival is assured by the capacity of symbiosis with arbuscular 
mycorrhizas. The aim of this study was to analyse the number of articles published 
between 2002-2021, based on arbuscular mycorrhiza and medicinal plants topic. 
The number of articles in the analysed period was only 102, with an increase in the 
last 5 years. The main direction of the researches were toward the understanding 
and defining mycorrhizal status of medicinal plants, collected from spontaneous 
flora and from botanical collections. This direction was completed by studies 
regarding inoculation potential with arbuscular mycorrhizas, which aimed to 
increase the content in active compounds or to assure the sustainability of cropping 
systems. The analysis of the main categories to which the articles belong relieved 
that plant sciences and agronomy have more than 60% in share, completed by the 
10% associated to environmental sciences. This topic is important for Romanian 
research, due to the high diversity of natural ecosystems and the high number of 
medicinal plant species. The better understanding of colonization status and the use 
of arbuscular mycorrhiza as inoculum are wo important directions which need 
more attention in the future in order to increase the sustainability of medicinal plant 
field. 
 




Medicinal plants are part of human life from ancient times, being an 
important source of ingredients necessary for medical treatments (Aslam 
and Ahmad, 2016). The therapeutic effect is related to their content in active 
compounds, which act synergically on human body (Jamshidi-Kia et al., 
2018). Depending on each species, the whole plant, or roots, leaves, flowers, 
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fruits and seeds represent parts of plants that can be used in medicine 
(Muntean et al., 2007). 
In Europe, more than 1300 plant species are used as medicinal 
plants, and the large majority of them are harvested from wildlife 
populations (Chen et al., 2016). These plants are not uniform distributed 
around the globe; and their survival is under a constant threat by human 
activities and climate changes, which is visible in the presence of these 
species in the IUCN Red List (Allen et al., 2014). 
The presence of medicinal plants in natural ecosystems is sustained 
by their capacity to connect to mycorrhizal networks developed in soil 
(Zeng et al., 2013). Mycorrhizas act as a root extension for more than 80% 
of plants; they sustain the plant growth and development processes and 
improve its resistance to biotic and abiotic stresses, most of the mycorrhizal 
types being arbuscular ones (Wang and Qiu, 2006). The endangerment 
status of wild medicinal plants along with an increase demand in 
standardized raw material for this industry creates the premise for a holistic 
approach on their cultivation potential in order to achieve sustainability 
(Zubek and Błaszkowski, 2009; Wu et al., 2019) and to reduce the pressure 
on natural ecosystems. Arbuscular mycorrhizas (AM) produce various 
ecosystem services, are suitable microorganism for biofertilizers, indigenous 
source of symbionts for the development of new inoculum that will ensure 
the success of different cultivars in various conditions (Berruti et al., 2016; 
Kannaiyan, 2002). Also, they can reduce soil erosion, enhance 
phytoremediation and the reduction of other harmful organisms. 
The main aim of this article is to explore the entire Web Of Science 
(https://www.webofscience.com/) database to search the most visible 
resources related to combination: arbuscular mycorrhiza * medicinal plants. 
The entire work is intended to serve as a condensed source of information 
for the future development of researches and applications in Romanian 
natural ecosystems and agroecosystems that will improve the status of 
medicinal plants based on mycorrhizas. 
 
Materials and methods 
 
The Web Of Science (WOS) (https://www.webofscience.com/) 
database was used to identify the entire number of the articles published in 
the period 1991-2021 that contain both of the search terms: arbuscular 
mycorrhiza and medicinal plants. From this extracted database, Web Of 
Science and Research Area categories were analyzed, in order to establish 
the number and % of the articles that are related to a specific category. All 
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the obtained results were then filtered again based on Article types filter 
which was set to extract only Review articles. This database was analyzed 
from the perspective of “author keywords” and “keywords plus” in order to 
establish the most important directions of researches. 
 
Results and discussion 
 
The concatenated database obtained from WOS contained 102 
entries form the period 2002-2021 (Table 1.), with a non-uniform 
distribution between years. Within the years 2002-2005, only 4 articles 
(3.92% of the entire database) were published in the field, related to nutrient 
supply, biomass production and plant survival. During 2006-2010, the 11 
articles published were oriented toward inoculum application for 
improvements in cultivation techniques, plant growth, yield and chemical 
content, mitigation of stress and AM status identification. From the entire 
database, in this period were published 10.78% of the articles. The most 
prolific period is between years 2011-2020, when 34 (2011-2015) and 32 
(2016-2020) articles were published. The orientation in this period is toward 
the analysis of inoculation potential and efficiency, improvement of mineral 
acquisition, physiological response, increases in compound content, 
response to invasive species, synergism with (rhizo-) bacteria inoculum, 
mycorrhizal hyphal networks in soil and the most important – most of the 
studies focus on one species. New techniques are identified and presented, a 
deeper analysis of AM potential is described, and a better understanding of 
the colonization processes is presented within this period of time. The 
number of published articles in year 2021 shows the importance of AM 
fungi in relation to medicinal plants. A total number of 21 articles, more 
than in 2002-2010, were related to the use of AM as biofertilizers for the 
improvement of cropping efficiency, modulation of secondary metabolites, 
bioremediation, stress mitigation and resistance to heavy metal toxicity. 
 
Table 1 













2001  2006 1 2011 7 2016 3 
2002 1 2007 2 2012 5 2017 5 
2003  2008  2013 8 2018 7 
2004 2 2009 1 2014 3 2019 10 
2005 1 2010 7 2015 11 2020 7 




Most of the studies published in the period 2002-2021 are in the area 
Pant Sciences (45 entries), followed by Agronomy, with 20 studies (Fig. 1). 
This last category is completed by Agricultural Engineering, with 9% in the 
database and Environmental Sciences which make the connection between 
cropping systems and ecosystem services. Plant growth and yield are 
modulated by AM inoculation, which is visible in higher contents of 
secondary metabolites and an improved concentration of elements and. 
 
 
Figure 1. Repartition of studies based on WOS Category 
 
From the entire database, after the application of the “Review” filter, 
only 6 articles remain in the pool. Their allocation in time is 1 article/year in 
2007, 2011, 2013, 2015, 2019 and 2021 respectively. This value indicates 
lack of synthetic studies on this concatenated topic. Another possibility is 
the reduced number of studies related to the high number of medicinal 
plants and their distribution across various wildlife conditions. 
The deep-search analysis showed a number of 4, respectively 3, 
records for each of the keyword arbuscular mycorrhizal fungi and 
symbiosis, medicinal plants and secondary metabolites (Table 2.). This 
indicates that the main concern of research is oriented toward the 
understanding and to establish the symbiotic connections between these 
fungi and medicinal plants (Aslam et al., 2019; Pedone-Bonfim et al., 2015; 
Sarasan et al., 2011; Sun et al., 2021; Yuan et al., 2007; Zeng et al., 2013). 
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The other Keyword is related to Phosphorus, which is a limiting nutrient for 
plant development, and which is mobilized and transferred by mycorrhizal 
fungi. The overall image shows the necessity of symbiosis for plant to 
acquire its necessary level in this element. The other keywords are related to 
the level of active ingredients/secondary metabolites, which are directly 
proportional with the level of interest for a species. In this context, by 
deciphering the mycorrhizal mechanism in medicinal plants and how it 
influences the potential yield (both raw material and components) will make 
possible future agronomic applications for a biological increase in plant 
cropping efficiency and survival in natural ecosystems. 
The most interesting was the analysis of Keywords plus, which act 
as future perspectives in the field. These are related to specific compounds 
contained by plants, which gave these plants the medicinal character and 
need to be increased in order to achieve a more efficient harvesting process. 
The other ones are related to abiotic stresses, which are one of the main 
concerns in this century. Drought tolerance, plant response to abiotic 
stresses, changes in physiology and gas exchange, need to be taken into 
account in order to maintain (conserve) this vital natural resource or to 
succeed in cropping.  
 
Table 2 
Author Keywords and Keywords plus in concatenated reviews 
Author keywords Source 
Arbuscular mycorrhizal fungi/ 
symbiosis 
Pedone-Bonfim et al., 2015 
Sun et al., 2021 
Zeng et al., 2013 
Yuan et al., 2007 
Secondary metabolites 
Pedone-Bonfim et al., 2015 
Zeng et al., 2013 
Yuan et al., 2007 
Medicinal plants 
Pedone-Bonfimet al., 2015 
Sun et al., 2021 
Zeng et al., 2013 
Phosphorus and Phosphorus limitations 
Aslam et al., 2019 
Pedone-Bonfimet al., 2015 
 
For Romanian research, this field is of vital importance, due to the 
high number of medicinal species, biodiversity of ecosystems and the 
possibility to increase in a biological manner the amount of raw material 
and specific compounds. It is important to understand the soil mycorrhizal 
diversity that influence the level of active compounds and assure the 
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survival of these species for the extraction of specialized inoculum and the 
development of performant substrates for their cultivation. These studies 
should be done in botanical collections (Vâtcă et al., 2020; Zubek et al., 





 Despite its great importance the concatenated search of arbuscular 
mycorrhiza * medicinal plants showed only 102 records, which indicates a 
reduced research interest related to the high number of medicinal plants. 
 The main research directions are oriented toward the understanding 
colonization mechanism in medicinal plants and the improvements that 
mycorrhizas are providing to medicinal species. 
 Future perspectives in Romania for this field make necessary the analysis 
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